Students often enter an introductory statistics class with less than positive attitudes about the subject. They tend to believe statistics is difficult and irrelevant to their lives. Observational evidence from previous studies suggests including projects in a statistics course may enhance students' attitudes toward statistics. This study examines the relationship between inclusion of a student-designed data collection project in an introductory statistics course and 6 components comprising students' attitudes toward statistics. The sample consisted of 42 college students enrolled in an introductory statistics course. Comparisons of those who completed the student-designed data collection project (n = 24) and those who did not complete the project (n = 18) suggest that inclusion of a project may not significantly impact students' attitudes toward statistics. However, these findings must be viewed as only a preliminary step in the study of the effect of projects on attitudes toward statistics.
Introduction
For many students, the prospect of taking an introductory statistics class is daunting. Kirk (2002) reported that students believe an introductory statistics course to be demanding, to involve lots of math, and to be irrelevant to their career goals. Many students who complete an introductory statistics course often have negative perceptions of the course and are dissatisfied with the experience (Garfield 1997 ). In addition, many nonstatistics majors in algebra-based introductory statistics courses suffer from statistics anxiety (Bradstreet 1996) . These attitudes are problematic given that some colleges and universities are now using an introductory statistics course as a primary way to meet the general education requirement for mathematics.
What are the desired outcomes in an introductory statistics course? Garfield, Hogg, Schau, and Whittinghill (2002) reported that these outcomes fell into three categories oriented around students' learning, students' persistence, and students' attitudes and beliefs. While learning outcomes are the ones most generally considered, "the other outcomes … are also important to consider as they will greatly affect whether or not our students are able to appropriately use statistical skills, ideas, and techniques. Therefore, our courses should attempt to build strong positive attitudes toward statistics and reinforce students' use of statistics in the real world to increase their chances of using statistics after they leave our courses" (Examining Student Outcomes, ¶ 1). Snee (1993) advocated changes in the instructional delivery system for statistics education citing people's lack of understanding of statistical thinking which resulted in a lack of appreciation for statistical thinking. Snee suggested that experiential learning, which includes working with real data and having students work on subject matter in which they take a personal interest, are vital to improving students' attitudes toward statistics. Hogg (1991) argued that in introductory statistics courses there is not enough emphasis on teamwork and that students should generate their own data for analysis. He stated that having students participate in the entire statistical process from choosing the question, generating the data and its analysis, to communicating findings was beneficial to students.
Others have also reported the efficacy of using projects to enhance attitude and achievement in statistics. Garfield (1993) reported that using cooperative learning activities to help students learn may enhance motivation and improve student attitudes toward the subject being studied. Potthast (1999) reported that using a series of small-group cooperative learning experiences increased students' scores on tests as compared to a group not using the cooperative learning format. Smith (1998) reported that using team projects in an introductory statistics class produced survey information from students suggesting positive student attitudes and an increased sense of relevance for the course.
Overall, the literature suggests that using projects of some type in an introductory statistics class may positively influence learning of statistics (Shaughnessy 1977; Garfield 1995; Bradstreet 1996; Moore 1997) . However, often the projects that students in these studies were asked to do were designed by the instructor in some way. Usually, the instructor came up with at least the topic for the project. Smith (1998) did allow students, with prior instructor approval, to modify or replace a given project. However, he reported that students seldom asked to make these changes.
In addition, much of the literature which discusses student attitudes toward statistics when an activitybased approach is used provides information about students' attitudes toward statistics based on student survey comments rather than evidence of attitude change based on experimental results (Smith 1998; Kirk 2002) . Potthast (1999) did include information from the subscales of the Survey of Attitudes Toward Statistics, SATS©, (Schau, Stevens, Dauphinee, and Del Vecchio 1995) in comparing her two groups, but the purpose of using the scale was to explain the difference in attitudes toward statistics between the two groups prior to the implementation of cooperative learning activities rather than to look at differences in attitude at the conclusion of the cooperative learning activities. Harlow, Burkholder, and Morrow (2002) used empirical methods to determine the effect of multiple learning enhancements, including an applied project, on attitudes in a quantitative methods course. However, they reported that their results were limited by using only a single survey item to measure the effect of the applied project, thus compromising the reliability of the measure. In addition, it was not totally clear who chose the project topics, only that the topics were of interest to the students.
The aim of this research was to determine, using empirical methods, whether students' attitudes toward statistics were improved if the students in an introductory statistics class designed and implemented their own projects based on topics of personal interest, as is suggested by the literature. In addition, if that positive effect were found, this study was designed to provide a first step in understanding which components of attitude toward statistics might be positively impacted by student-designed projects.
A quantitative study of the effect of a student-designed data collection project on students' attitudes toward statistics was performed by using the instrument Survey of Attitudes Toward Statistics -36© (SATS-36), an update of Survey of Attitudes Toward Statistics -28 formerly known as the SATS (Schau et al. 1995; Schau 2003b) , to measure attitudes systematically. The results of this study may provide a better understanding of influences on student attitudes toward statistics and may enhance the teaching and learning of statistics.
Method

Participants
Students in two sections of a one semester introductory statistics course at a four-year liberal arts university in the southeast United States were the subjects in this study. The treatment group which completed the project contained 24 students, 14 females and 10 males. The control group which did not complete the project contained 18 students, 6 females and 12 males. Each section was composed of a mixture of freshmen, sophomores, juniors, and seniors representing a variety of majors. Table 1 provides a summary of study participants by gender and class year. The students self-selected into the two sections with no prior knowledge of whether or not a project would be included. Over the course of the semester, each section met for two 75-minute class meetings per week for 14 weeks. The treatment group met at 9:30 in the morning on Tuesdays and Thursdays. The control group met at 2:00 in the afternoon on Mondays and Wednesdays. Each section was taught by the same instructor. 
Instrument
The Survey of Attitudes Toward Statistics -36© (Schau 2003b ) is an instrument designed to assess various dimensions composing attitudes toward statistics including value, difficulty, interest, affect, cognitive competence, and effort. The survey consists of six subscales (see Table 2 ) addressing components of students' attitudes toward statistics. Respondents score on a 7-point Likert-type scale corresponding to their level of agreement with each statement (strongly disagree:1, neither agree or disagree: 4, strongly agree: 7). Scores for each subscale are determined by adding up the item values for the subscale and dividing by the number of items in that subscale. Some items are written in the affirmative, and some items are written in the negative. Reversals of negatively worded items are made before subscale scores are determined so that a higher numbered response always indicates a more The Survey of Attitudes Toward Statistics -36©, SATS -36, is recent extension of an earlier version of the instrument which originally contained four subscales (value, difficulty, affect, and cognitive competence). Schau et al. (1995) described the development and validation of the original instrument. Subsequent validation research (Hilton, Schau, and Olsen 2004) indicated the four-factor structure adequately described responses to the original SATS instrument. In SATS -36, two additional subscales were added, interest and effort. Tempelaar, Van Der Loeff, and Gijselaers (2007) have used confirmatory factor analysis to determine that the six-factor model fits the data well and that the two new subscales, interest and effort, are valuable additions to the original instrument. 
Procedure
The optimum experimental design would have students randomly assigned to each class section. In practical terms, however, one has already existing classes available for experimentation in educational research. Therefore, a quasi-experimental design was used. A pre-and posttest design was used to test for differences in attitudes after imposition of the treatment.
To determine if the students in the two sections of introductory statistics were similar with respect to attitudes toward statistics prior to the imposition of the treatment, on the first day of class, each student in each section completed the Survey of Attitudes Toward Statistics -36© (Schau 2003b ).
The survey was administered by an assistant to the instructor who then coded the data so that the responses of individual students would not be known to the instructor. After completion of the survey, the course requirements were discussed in each section of the class. The instructor was the same for both sections and made every effort to provide the same instruction, activities, assignments, and assessments to all students as part of the quasi-experimental design in order to keep the two groups' classroom environments as alike as possible. However, one section completed a statistics project (the treatment) and the other section did not. Students did not know in advance that the two sections would have different requirements, and students in the two sections were not blocked from interacting with each other.
Subscale No. of items Sample Items
Value 9 Statistical skills will make me more employable. The project consisted of formulating a research question of interest to the student, designing and implementing a data collection strategy to answer the question, analyzing the collected data using techniques learned in the course, writing a report describing the findings, and making a brief oral report to the class on the results of the project. Students were allowed to work alone or in project teams of their own choosing up to size four. To ensure that everyone on a project team participated, students selfreported on their contributions to the project and on the contributions of other group members. The grade for the project counted as a test grade in the course. Students had approximately six weeks to complete the project.
The project progressed in two phases. In phase I, the students formed their project teams (if applicable), and each team decided on a question of interest. Each team then made a proposal to the instructor in which they explained the significance of their question, how they intended to gather data to answer it, and what possible problems they anticipated in completing the project. Appendix A contains the proposal form the students filled out. These proposals were evaluated by the instructor and discussed with the students. No data collection could begin until the proposal had been approved by the instructor. In phase II, the students collected and analyzed data to answer their questions, wrote reports based on guidelines given by the instructor, and made oral presentations to the class. Appendix B contains the instructions students were given for writing their reports. The instructor provided support and answered questions as needed throughout the process.
On the last day of class, each student in both sections once again completed the Survey of Attitudes Toward Statistics -36©. The survey was administered by an assistant to the instructor who then coded the data so that the responses of individual students would not be known to the instructor. Table 3 shows means, standard deviations, and t-statistics for testing whether the two groups differed initially on any of the six subscales of the pre-treatment administration of SATS-36©. There were no statistically significant differences (p > 0.05) in mean responses for the two groups with respect to the six subscales. The two groups appeared to be sufficiently similar in attitudes toward statistics as measured by these subscales prior to the imposition of the treatment to allow the study to continue.
Results
Cronbach's alpha was calculated for the six components of the attitudinal scale. Table 4 compares the values from this study to values reported by Schau (2003a; personal communication, March 12, 2007) and Tempelaar et al. (2007) . These alpha levels indicate good internal consistencies within attitude components and thus adequate internal reliability of the instrument. The consistency of these alpha levels with those reported in the literature also indicates external reliability. Note: Responses were made using a 7-point scale (1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree). a n = 24 b n = 18 c Two-tailed p-value for t-test of equality of means Table 4 . Comparison of Cronbach's α by Subscale Table 5 shows means, standard deviations, and t-statistics for testing whether the two groups differed on any of the six subscales of the post-treatment administration of SATS-36©. There were no statistically significant differences (p > 0.05) in mean responses for the two groups with respect to the six subscales. Two students in the treatment group did not complete the course. Their early departures were not related to the treatment. Next for each subject, a difference score was computed (posttest -pretest) for each of the six subscales. Then a mean difference score was computed for the project group and the no project group for each of the six subscales. A positive mean difference score indicated an improvement on the attitudinal subscale from the beginning of the course to the end of the course. A negative mean difference score indicated a decline in attitude from the beginning of the course to the end of the course for that subscale component. An independent samples t-test was performed to test the equality of the mean differences for the project group and the no project group for each of the six subscales. Table 6 contains the means, standard deviations, and t-statistics for testing whether the mean difference scores for the two groups are equal. There were no statistically significant differences (p > 0.05) in mean difference scores for the two groups with respect to the six subscales. Note: Responses were made using a 7-point scale (1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree). a n = 22 b n = 18 c Two-tailed p-value for t-test of equality of means
To further explore the data, one-sample t-tests were performed to determine if the mean difference scores (posttest -pretest) were significantly different from zero for the six subscales when the project group and the no project group were considered separately. (Table 7) contains these test results. These results indicate that the project group had a significant decrease on the attitude subscales of interest and effort (p < .01). The no project group had a significant decrease on the attitude subscale of interest (p < .05). To explore whether the perception of difficulty of the course had changed over the semester for everyone in the study, a matched-pairs t-test was performed on the difficulty subscale (posttest -pretest) to determine if the mean difference was significantly different from zero. The results were not statistically significant (p > .09) indicating no change in the subjects' perceptions of difficulty from the beginning of the study to the end. Since gender may affect attitudes about statistics, the pretests, posttests, and difference scores for the six subscales were analyzed using independent samples t-tests to determine if males and females demonstrated different attitudes toward statistics. There were no significant gender differences found on the six subscales (p > .07).
Discussion
At the beginning of this study, the two groups of students appeared to be comparable in attitudes toward statistics on the six subscales of SATS-36©. At the conclusion of the study, the group that did the student-designed data collection project did not exhibit more positive responses on the six subscales than the group that did not do the project. The data do not provide evidence that having students choose their own topic, then design and implement a project enhances students' levels of individual interest in statistics, perceptions of the usefulness, worth, and relevance of statistics in their personal and professional lives, or lower the perception of the difficulty of the subject. These findings are not in agreement with (Snee's (1993) hypothesis that having students work on subject matter in which they take a personal interest will improve attitudes toward statistics. These findings are also in disagreement with (Smith's (1998) student survey results indicating that projects enhance students' attitudes toward statistics and increase students' perception of relevance of the course. Note: Responses were made using a 7-point scale (1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree). a n = 22 b n = 18 c One-tailed p-value for t-test of equality of means Table 7 . One-Sample Significance Test of Mean Difference Scores on Attitude Subscales by Group a n = 22 b n = 18 c Two-tailed p-value for t-test mean difference equal to zero
Students' feelings about statistics (affect), their attitudes about their knowledge and skills when applied to statistics (cognitive competence), and the amount of effort the students expended to learn statistics (effort) also were not affected by inclusion of a project. One possible explanation is that the inclusion of a single project may not have been sufficient to impact global attitudes toward statistics as measured by the affect subscale. Also to positively impact attitudes about one's cognitive competence as it pertains to statistics, it may take more than one experience with a project. Other factors such as test performance and previous experiences in quantitative classes could impact perception of cognitive competence and may outweigh any positive effects from a single project. With respect to the findings on the effort subscale, on the pre-test, students in both groups already indicated a fairly positive predisposition to expend effort to learn statistics so that whether or not a project was included in the class, they were prepared to work and that did not change over the course of the semester.
Interestingly, when each group's scores were analyzed separately for the six subscales, each group showed a significant decrease on the interest subscale over the course of the study. The students had less individual interest in statistics at the end of the course than at the beginning whether they did the project or not. The change in interest in the project group is in the opposite direction of what the observational evidence suggests should happen when students do projects but is in line with negative perceptions that many students have upon completion of a statistics course. Perhaps to know statistics is not to love statistics, or perhaps the course turned out to be more difficult than the students thought. However, analysis of the difference in difficulty subscale scores indicated no difference in the perception of difficulty from the beginning of the course until the end. The project group also showed a significant decrease on the effort subscale over the course of the study. The decrease on the effort subscale may indicate that as students looked back over the effort expended during the semester while completing the posttest, they realized they did not put as much work into the class as they had anticipated at the beginning of the semester or that it was not necessary to put as much work into the course as originally planned. It should be noted that the interest and effort subscales are the newest addition to SATS-36©, and there is less validation research available for these subscales than for the other four.
The presence of confounding variables may have impacted the outcome of this study. Time of day of the class meeting may have influenced results. One class met in the morning while the other class met in the afternoon. The grouping of students may have affected student responses. Some students chose to work on their projects individually, and some students worked in groups. Also, the prior math classes that the students in each class had taken were not considered. Students with a more extensive mathematics background might feel differently about statistics than students with a more limited mathematics background. In addition, the two classes were not gender balanced. One class was approximately 58% female, and the other class was approximately 33% female. However, no statistically significant difference was found between responses for males and females on the pretest, posttest or in the difference scores for any of the six subscales. Also, since both classes were taught by the same instructor, there is the possibility of the introduction of unintentional bias.
Another concern about this study which must be addressed is the issue of sample size. The sample sizes of the control group (n = 18) and the treatment group (n = 22) at the end of the study were determined by the sizes of the two classes used in the study and could not be manipulated by the researcher. In the presence of negative findings, as was the case here, the question which must be addressed is whether the sample size was sufficiently large to detect a meaningful difference, if one existed, between the two groups. Post hoc power analysis indicated that there was at least 80% power to detect a 1 point difference between the project group and no project group on the attitude subscales of value and difficulty. There was at least 70% power to detect a 1 point difference between the project group and the no project group in the more variable subscales of interest, affect, and effort, and there was 65% power to detect a 1 point difference between groups on the cognitive competence subscale.
From reading descriptive accounts, one would expect a somewhat marked difference in the attitudes toward statistics of the two groups in this study. However, this empirical research did not find those differences. Perhaps students with the strongest positive reactions to classroom projects are more likely to share those responses with a teacher than those who have more neutral or negative responses. The relative anonymity of a survey which is administered to all students, not just the most vocal, may provide a more representative description of students' attitudes.
Since this study is one of the first empirical attempts to quantify the impact of projects on students' attitudes toward statistics, it raises many issues. Certainly it indicates that some caution must be used in assuming that the inclusion of any project will automatically result in improved attitudes. However, the fact that this one study did not find improvements in attitudes does not mean that projects do not enhance attitudes. More studies need to be done looking at different structures of classroom projects. There are many questions left to be explored in order to optimize whatever positive effects on attitude may emerge from using projects in the classroom. How many projects should be done? What is the optimum format for these projects to take? Is it better to have a series of projects all student-designed or should there be a mix of student-designed and instructor designed projects? Are students more directly impacted when working on group projects or individual projects? Should projects be long-term or short-term?
As educators debate the place of introductory statistics courses in the undergraduate curriculum, and some schools begin to include statistics as the primary course for satisfying the general education requirement for mathematics, it is important to understand what can be done to enhance students' attitudes toward statistics. Further research is necessary to discern what, if any, positive impact projects may provide in order for students to see the utility of statistics outside the classroom and thus improve the perception of relevance of the content area. Use your results to support the answer you give to your original question.
Notes:
1. All projects must be word-processed and double-spaced.
2. Grammar, spelling, syntax, and organization will be graded as well as the content of the paper.
3. Most students write too little. Give lots of details in your paper. Have someone proofread your paper before you turn it in.
4. Each group will make a 5-minute presentation to the class about the results of their project.
******************************************************************** 5. Project papers will be due on ___________ There will be grade deductions for late work.
